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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain high 
electromagnetic conversion characteristics and CSS 
durability by controlling the surface roughness of the 
principal plane by bringing the max. height, center line 
roughness and the ratio of these values measured by an 
atomic force microscope(AFM) into specified ranges. 

SOLUTION: When the surface roughness on at least the 
principal plane of a glass substrate is measured by an 



AFM, the surface has 0.2 to 2.5 nm Ra, 3 to 25 nm Rmax 
and 3 to 35 Rmax/Ra so that the obtd. glass substrate 
for a magnetic recording medium such as a magnetic disk 
has 21.2 ^ inch glide height, thereby preventing a 
magnetic head to cling to the glass substrate. Here, Ra 
and Rmax stand for line roughness and the max. height, 
respectively, each specified by JIS B0601. The ratio 
Rmax/Ra measured by an AFM indicates the distribution 
(uniformity or scatter) of the height of projections on 
tiie rugged substrate surface. The glass substrate 
contains at least alkali metal oxides and <3 mol% alkaline 
earth oxides. 

COPYRIGHT: (C)2000,JPO 



oe)B*amf!f (jp> (i^) ^ |B 4$ ^ Iff (a) uDmHmsimm^ 

4$M2000- 132829 
(P2000-132829A) 

(^yjma y^izy 5 ^1280000.5.12) 

G 1 I B 5/73 
C 0 3 C 3/076 

16/oe 

17/34 Z 
G 1 1 B B/84 A 

mxm* m m*m<omi» ol (^i8jo 



<21)ii«»^ 


MPP11-23320B 


(71)ttiaA 


000113263 














(22)it«B 


Vl«114^8 ^ 19B (1908.8W 19) 












(72)jMI« 








WWlO-233281 




msmmmti'^m^ 2 ts 7 » 




(32}«jfeB 


VjftlOlp 8 ^ 19 B (1988. & 19) 










H* (JP) 


(72)««9 


mm 










nosmmmK^m-^ 2 rs 7 « 5^ 


















(72)«m« 


mm m~ 




























a4)<t31A 


100091362 










fm± P9i=a Kit (n2«) 





(54) UE^(7)«»] «|»UBfl«^^;97;^X«i. «ei»UK{t:KZ3»E-n&«>ttS:«& 



(51)Inta.' 
G 1 1 B 5/73 
C 0 3 C 3/076 
15/02 
17/34 
G 1 1 B 5/84 



(57) [mi] 

mst (AFM) -em&vr-tns r& = o. 2~2. 5 

nm, Rmax = 3~25nm, Rmax/Ra = 5~ 




1 

mm (AFM) T?iW^t;ti;^. Ra=0. 2~2. 
5nm, Rmax = 3~25nm, Rmax/Ra = 3 

ttflE'^T U > Ui/;t7!}^ 5 0 %T-*S^Sfi*ffi$:l£11!ffii: 
^^l/^^2. 5%-e&<5^fii;®CD/<T'J>^^$S:B, 

H. (2.5) , ^T'J>i^^i>5^5. o%©T'$)S^9nif® 

W'<7"J>^3S:B. H. (5.0) iiL^i:^, 
B. H. (2.5) /Rmax = 0. 1~0. 5, X{±. 
B. H. (5.0) /Rma x= 0, 1~0. 4 5TfeS3 

ISfif^ (AFM) -nm^Ltzt.^. Rmax = 3~2 5 
nmT'$>y, *>i3, B. H. (2.5) /Rmax = 0. 1 
~0. 5XliB. H. (5.0) /Rma x = 0. 1-0. 

«. (fiU B. H. (2.5) 2it?B. H. (5.0) tj, |f 
*«2ic;ev>T^3n;5:P^i:-ts, ) 
I»*^4] lf#^l^:t\L3 0Dv%-rtiA^tC|B«CDiK^ 

tSt*^5] ll^:^l;5:^^L3OT^^-f^^*>^c|H^£cD^ja5^ 
<i:*;T;i/;ij'>l:&JRSMt:4*t3mo 1 yt-ir> KjfcSJcJD 

[111^6] J5:^^t5c^v^-r^l*^k:fBi8o«lj!C 

[»^^8] 1S^^!!I:^«?S« (AFM) T-jJ8^L;ti:^ 
CD^ffiC7)^ffiKg5}()?R a = 0. 1~1. Onm(7)?!f^ 



(2) 1^2 000- 1 3 2 8 2 9 

2 

Itria^^ Xia!tcO'>>S: < h fe±«®CD«®B3 R a = 
0. 2~2. Snm, Rma x = 3~2 5 nm, Rma 
x/Ra = 3~3 5i:75:5J:^tCft:^t«*®tea-t«)r 

C»#^9] JR-?fSI:^««M» (AFM) TtSJjgLT^ii:^ 
©±5fi®(7)*®fiS;b«R a =0. 1~1. 0 nm£D^^ 

10 iS:^ 

St?tctirfB;!f^::^l£Mco^'^<i:=fo^*ffi$:0. 3~ 
3. OMm<Z)fimc^>iaaitSg|fi«:-^t/if«M$:Mv>TW» 

ism. 

[lt*^l 2] lt#]59«:v\Ll lco^^■ftl;6^^c|a«(Z) 
^-yvWLOiWtSUi'^o. 1 5~3. oa4%T*S>^z:h$: 

30 [lt*^ 1 3 ] If:^ 8 «cv ^ L 1 2 ® t ^1'tl;i)^(ClBig(D 
±^Wkft<^**A^ 3 m o 1 %*»T'*-S 3 i: 

[a*s 1 4 ] it:^^ 1 3 \z^<7y9i^sMm^mii^ 

6tia^^::^l£#5:fl|ER-r-£:3!f^Xti, S i 02 5: 5 8~ 
7 5Mt% A 12 03 *:5~2 3SM% Li2 0$: 
3~10Mi% Na2 0?:4~1 3a*%, ^■i^t. 

[» 1 5 ] m^-iK 1 4 \zmmmsMsmmmij^ 

t!jia^^;^a*tS:«gg-t-5;tf^y^t±, Si02 5:6 2~ 
7 5M*%, A12 03 5:5-1 5S*%, Li2 05: 
4~10SJ|% Na2 O 5:4-1 2MJ|%. Z r 02 
5:5. 5-1 5MI%, ±ia^i:LT^^-r5,i:i:t; 
(C. Na2 O/Z r02 0OfiJtJt*^O. 5-2. 0, A 
12 OS /Z r02 CDSitbi^O. 4-2. oX'ib^t! 



(3) 
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IfS^^ 1 7 ] n:»m 8 75: t ^ L 1 6 ^■rtimzf[SM.(D 

m^. M-?fSBi«Si (AFM) l^m&Lrci»^(DRa. 
Rma xS,UfRma x/RacZHiOiefflTiff^U 

vms^u m^oymrnvm^ii^^timBm (a 

FM) iZj:^xm^Vr~^Km^iM>Ra. Rma 
X, Rmax/Ra(Z)=fr«A^±IB!lt^O«gH<Z>M{C;5:S 
*&^<^^ffi«iS^«:*i*> Z.(D^l^r=.mm^}M0kf^lZ 20 

& 

[0 0 0 1] 

[0 0 0 2] 30 

wm(mm] ismm • n^(D&m^iz:i3^^x\t. 

S:ft^(S<f'5*£:>M>b^*)-5*^, CSS (ny^^h - 7. 
^ - h • X h >y :^<Dl2»^S:ff 

[0 0 0 3] 3(DJ:^75:iK^/\.y KOfbiSrB&ih-r-Sfc 40 

lfeR(Z)^DE5:««W»-r -5 :i i: tc J: o TCflta^^tcj^BX-f 
(I^WWe 2-2 7 3 6 1 9) *«&So y 

^li. :ff^7.^^izxj-^'u 9^)y ^X^ttm^m. 
OMSk^m^-t^im (#^¥4 -6 24 1 3) ^it^ 
:^v^y'^Xm{h^J^^-t^1sm (#ii¥7-l 0 1 5 
0 7) >5:if*^$nTVx^. 

[0 0 04] 50 
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4 

[«^;bWbJ:e)i:-r-5Il5jB] tz^X\ ftfi-eii, 
y^vxro^ms\z-txM\.xnx\^^, 

»n^-ti>ms!.-9^ 7.^\zmmhx^. i^f^msssm 

[0 0 0 5] \^-&\ts ti-(y^m 

mxib^tz.<Dx. mss.-r^y^^ imo c^®*y»oD^ 

mc^-^xmmm^i:m&-ri>9 ^} 7.y^y^iz^i>m5 

X^-^Xtb^tzi3K ^ll*$nTV^^,J:•^)7fcl. 2/i 
(l>r>f^=2 5. 4 mm) JitTi:Vxofe??±iS 
$(c;5:Si:, %;liJf>, UX5^<y^{CJ:Siffirr-li. SSI 

[0 0 0 6] :*i?^mii±M(Dmk(D^txy3i^nr-^o:> 

T$>*J, 1. 2M>f>^Je;T(Dy^-r K«5&*Li«v> 
[0 0 0 7] 

^mo>mmfj:^mm^mm-ti>t^Mz. s^^jjm 

9m (AFM) {CioT. ;!/^X^©*ffi4^$:4^ 

(AFM) T'illJ^Lfei:^, Ra (tp^t^mi^^) = 
0. 2 — 2. 5nm. Rmax («:*:*$) =3~2 5 
nm. Rma x/Ra = 3~3 5-e*43i:$:#SS:i:-^ 

i>ms;Mmt*.mis^y^ms.xib^, 
[0 0 0 8] m2(mmit. mKmrniz^j^t^^m^ 
mmm:fj^7.mnzi3^^x, msmssms^^^^mits^ 

(7)^lzM^^W]9E€M^m(7y±i^a^mm(7m(Dm-^%: 



(4) 

5 

'^T U L/i/;<-*^ 5 0 %7?*«^Wf®$:IWS®i: U 

2/5i-2. 5%T3i)-5#i«®(Z)/<Ty >^ri«$S:B. H. 
(2.5) , '^TU>^l/£/5t-5. 0%<D-^Sbi,^SRKm(D^ 
TU>^^$S:B. H. (5.0) i:L;^:i:$, B. H. 
(2.5) /Rmax = 0. 1~0. 5, Xli, B. H. 
(5.0) /Rmax = 0. 1~0, 4 oT'ib^Ztiil^ 

t'ti>miMsmmmif^y^^-ci>^, lo 
[0 0 0 9] m3(D^ii. 'pfj:< t^^$im<D^mm. 

I^^:bmm (AFM) nm&LfcLt^. Rm 
ax = 3~2 5nm-r?&y, B. H. (2.5) /R 

max = 0. 1~0. 5X(iB. H. (5.0)/Rmax 
-0. 1~0. 4 5-e$)S3i:&4f«[il-r*«ISClBi»«C 
f«:ffl:tr^:^aS«T'S>5„ (fib, B. H. (2.5) RXS 

B. H. (5.o)ij, S»^2^cfe^^T^i^$^^;£:^^i: 
[0 0 10] «B4<7)«Wii. mi^v^Lm3(0VN-r*v*> 

<mmizf}^f}^i>m^sMsmmmiJ^7.mnzi3\>^x. 20 

IISWl:^4ji:3mo W?-- tr> h5^^^«(^y;l/;i;'J±3®SHfc• 
[0 0 11] Jg7(D«Wt±, !(5l^;^^L!B60)v^■ftl*> 

[0 0 12] %%(m!m\i. m^i^mm (afm) 

T8»£Lfet^©±^®«)*S!»a3A^Ra = 0. 1~ 
1. 0nm(^;if5;i.|£*J5:ffi«U m^fS^^mtoyp 
'5:<i:t;ilfiffi(Z)«®B3*^Ra = 0. 2~2. 5n 
nu Rmax = 3~2 5 nm, Rmax/Ra = 3~3 40 

5 4: <t 5 J: e) tc-f fc^s&5«ffi«is-r ^ r n ^mti: •ti>f& 

[0 0 13] m^wmit. m^tismm cafm) t- 
m^Lt:^t^0^m<D^mm^ti^Ra = o. i~i. 

[0 0 14] miOamm\t. «8Xli«9cr>«WlCA> 

ii^i>^ii^sssmu^mii^y^^(Dm&-mAziB\^x. m 
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m\z.miii^-xmioypfji<t^^m^o. 3-3. 

X3bi>, 

[0 0 15] «i lay^it. mi 0(^>$8^^c;t)^;!)^s^K 
:^mi(mmjMizi5^ ^xmESsmmiz i ^msmm 

[0 0 16] mi 20«^H, «9;i:VNL?gl l(^)V^r 
®CfevxT. S(ffB^-f^'vSW)«Sj!)^0. 1 5~3. 0 

[0 0 17] mi sammit, m8fj:\,^Lmi zm^-r 

U fio, T;i/;*7U±3Sgfrfb*<^)^«»cn^fW3ino 
36S055eg:^T*$)*« ?Bl4©|§^gii, jS|13(D5§^ 

T, t!mi^^xmt^mszri>ii'?x\t. s 1 02 & 5 

8~7 5M:%, A 12 03 $:5~2 3Si%, Li2 
O«:3~10M*% Na2 0«:4~13S*% 

6i-iiLX'^mti^^7.xs>i>zt^mkiir^m3E 

[0 0 18] mi5ammii. mi4<mmizi)^t}^^m 
^s^mmm:^^7.mi<D9m:mizj3\>^x. tm^s^ 

:^3^$:1ifia-r-6:^5Xti, S i 02 5:6 2-7 5Mi 
%, A12 03 $:5~l 5S*%, L 12 0$:4~1 0 
mM%. Na2 0$:4~1 2MI%, Zr02 S:5. 5 
~15S*% ^ra-iiLT^^-r-SililfelC, Na2 
O/Z r02 C^MftitX)^0. 5~2. 0, A 12 03 / 
Z r02 COSiitA^O. 4~2. 5T'*)-&:<f^XT'&^ 

[0 0 19] mi 6(D«^{i, iB8^5:^^Llel 5(7)V>-r 

.J: i>$smm(Dmiz, it^<mM-ti> zt^msm-r 

[0 0 20] miKT^m^ii, S58;5:^^L«5l 6(DV\-f 

p^j^Kt^mtm^^esL-t^ztiimti-^m^Mm 



7 

CO 0 2 1 3 mi aoi^mits fia^^^-y K<z)«e!«»c, 

X|S«c^®y»5:, lRTfl!BB«» (AFM) tyW^L 
fe.##CDRa, Rma xAtJ^Rma x/Raa>tt(Dl6H 

IPfitti (AFM) lC<J:oTM«Lr-*^tC»ion*R 
a, Rmax, R m a x / R a (^#«A^_h8BI^<^>liH 

[0 0 2 2] i^oMKmrniziiixii, n'yT.wm) 

Ra = 0. 2~2. Snm. Rmax=3~25n 
nx Rmax/Ra = 3~3 Sili-S^iltCj;*;, ^5 

fe, 3:iT% Ra, Rmaxli. -ftl-^'tU J IS B 
0 6 0 1 tc^3n-5*/CS|iSi¥iSiffi3S.l?«:^ffi3T'$> 

[0 0 2 3] AFMTiR!l^U;lRma xOHili, 
MlCJgfiaStvtlHIiaofib^PSSSr^U Rmax*^3n 

b*e)CDT*»*L<^5V\ RmaxA^2 5nmS:ffiA-5 

[00 24] ijt, AFMT'il^LfeRmax/RaCO 

OT-MSJiH^-efeS. 1. 2M>f>^ 

[0 0 2 5] -ecDtaaw)flf$a>^^ aie>o§) sr^^-r 

Rmax/RaX)^5 jfcj^O*^, it«agiHliOiA^i^-tC;5: 
[0 0 2 6] itc. Rma x/RaA^3 5«:SA-5« 

[0 0 2 7] ai^7^-<7>^cDfB»^:^t LT. CS 



(5) #M2 0 0 0- 1 3 2 8 29 
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SA^. CSS:;?^OD«^. Ra = 0. 2-2. 

5nnu Rma x= 5~2 5 nm, Rmax/Ra = 5 
~35, »*L<liRa = 0. 7—1. 5nin, Rma 
x = 8~18nni. Rma x/R a = 1 0~2 0(0|6H 

A(W*J(Cti, Ra = 0. 2 — 2. 5nm, Rmax 
= 3 — lOnm. Rmax/Ra = 3 — 1 5 0<6ai^T' 

[0 0 2 8] ±i*C7)J:e>tC, Rmax/RatilSfi*® 

1«$;{>^ 1 . 2 M >^aTT, *V^C S S W^4^^ 
^tii>ZtHi.mf)^-Q3b^t>\ ISRti, jK^'N-y KlCitS 

ta<^«rc=fo«:*3aeffi$T?S>S Rm a x^g^CDffiv 

:*:S®gi«3-e$>-5 Rm a x^B^(7D^^^r^?^<7)d&«)'5i!I^ 
S:S^-r>'t5:)l-^T'$)'5B. H. /Rma xOit^*^:^ 

[0 0 2 9] ±i*«)|g2X«^3 058^tCj:*Vti 
'>l>i^l/t/;r5 0%CD^ciSffiS:SPS^U 33;<)^e>CD 

y^-^^B. H. (2.5) , '<TU>yL/S/:t5. 0% 
30 <^^7U>i'1«SS:B. H. (5.0) B. 
H. (2.5) /Rmax = 0. 1 — 0. 5, XttB. H. 
(5.0) /Rma x = 0. 1—0. 4 5 ilf 

[0 0 3 0] ^7Vy^V'iy:t. ^TVy^ 

±mmm (afm) -c«r^Lfei:$o«ii^^re«>.6, 

[003 1] i^, 3(D^TU>^^'•>?^7b^5 0%T-fe 

50 4iSfiSffi$:IS*ffii: L, z.<Ty^!mfi^^^^y^)yf\^ 
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[0 0 3 2] ^fcS. ltfj*CD^TU>^^l/->:irS:«iHC, 

[003 3] ^LT, ^7"J>^^Ui/3t-*^2. 5%i:<i: 
Sb'<;K7)^7'J>irss$$:B. H. (2.5) , ^7Vy 

B. H. (5.0) t-f^. 

[0 0 3 4] -5-e)L;^:»^, B. H. (2.5) /Rmax 
= 0. 1~0. 5. Xti, B. H. (5.0) /Rinax = 
0. 1-0. 4 5-eS>S«^{C, 35^6<S*±^b©5l3^ 

[0 0 3 5] AFMX^m&Lf-B. H. yRm&x<Dtt 

iy:t2. 5%, 5%-rcOB. H. /Rma xcTXitA^C S 

ffiUfe. ap-feB. H. (2.5) /Rmax, B. H. (5. 
0) /Rmax^^^n^tlO. 1 *»<7)l&^(ili»{C J: 
eJWKe^oitin*^;*:^ < C S S B^J^ttAMSv ^. * fe, 
B. H. (2.5) /Rmax, B. H. (5.0) /Rmax 
A^iE-ti-PtiO. 5J3J;t;o. 4 5 $:jS6A:t«^, msm 

[0 0 3 6] tjtis. zzX'ii^TVyifi!]--:fizi3i-f^ 

ixii^rv yirM^<DWm^&m-ti>r^i^X':ib-oX. 
Z(DiSmmit. ^7Vyif:fj-:flzteni>^<D^rv 
y^uiyyi-am^t-DX^mt:>f£^\ tA^u ^7Vy 
^ u$>3»- 5 0 %aM^it, iS^ y^mi<r>^m(Dmaiz 

[0 0 3 7] *fc, ^TVy'T^^ (B. H. ) (Dm^ 

^yuyifi^iy-tti^z. 5%. 5. o%amizm&Lf=: 
(Dit. m^-y^^x9\zm^^ni>i&y^^yirx^. <g 

8i(m^i:j£mzmiX'^?>i}^^xi>i>. 

[0 0 3 8] H4tC^L3^:*l (i. AFMlCj:oT8B^ 

tn(Dam7>m^'^3 8om (T'^y^^A) . asm 

(t^-TX^B) , 64ffl (7=^:k^C) . Om Cr^X 
^D) (D^0) S:MSL, -^•n-fi^. ^TU>ybt/3j- 
*'0. 0 2 5%, 0. 2 5%, 2. 5%, 5. 0%, 2 
5%i:Lf-i:^c^B. H. /Rmax5:tt«L^iie^$: 
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[0 0 3 9] W4(7)AHZBLf-B. H. /Rmax 

S,ti\ ^T')y^]yi/y^O. 0 2 5%, 0. 2 5%(CL 
t=.Wr^. i^^X-»>t\\tmiaymBLiiimLX, 'ta:k'7 

\tU^tt\^fiK -r-fX^'ca)B. H. /Rmaxc^HiA^ 
■5=>l'XirA^7^^';^^B{cJt^:*c^</a:oT^^^). m 

(i, '<r'j>^bs>5f-A^iti»5/jN$;5;'fiiL apt., ta»<^ 
^T'j>iyi/i/3f-2 5%<^)«^, iaascD«fS(7)ti 

-^tiJIB5!lT-t5tj(^(D, #-?-<>^^ra(Z)B. H. /Rm 
a X (75 L/> V ^f-l^t. L<fj^^\ 
[0 0 4 0] Ri:cO*g*S:ii:«bSi:I^TOiS'Jtc^ 
♦J, «2(D«w^ttf«g3c^>^;±3tiC)<Diie*ica£-cy< 

(1) m^<7^miS{h(D^7Uy'!fi3-zfi:^lsb, 
a.tJf«3(D«^C7)»^{i, /<7"J>^rUi/;r*^5 0%i: 

(2) ±IBl^CJ:oTSli4b^de^!ffi*^eJ^||!l^L;^:'<yU 
Vi'l^^B. H. tRmaxCDJt^ (B. H. /Rma 
x) JK^-r^XirfCi|#3tv-5i|ftt, XliZ-CDlttt 

B. H. /Rmaxt^fCioTiEStlcKRSrj-e^ 

l^T^m. (2. 5%, 5. 0%) 5:a!^L^t*<^-e«>6. 

(3) ±IS2lCj:oTjil^Lfe^TU>^yi/i/:ttC^ 
U a^7^>(';^i^lc||#3tv64*tt«:«JS-r«.B. H. 
/RmaxCO«H$:S^-tS. «g 2 ®«WSltf ^ 3 (D^ 

y^^TK/wKi. 2AW>^jiAT, mm. 

fiHSStAT, CSSW^ttAif<Z)4#14§:SISt-SB. 
H. (2.5) /'Rmax = 0. 1~0. 5, XtiB, H. 
(5,0) /Rmax = 0. 1—0. 4 5 h LfetOOT?* 

40 

[0 04 1] z.(Dii'>t,i^m^-^oy^irmz^r>xf^ 

{>T^Vvmm^) tCi:oT, _hii (ISl 
~«3(^>«^) ®mM'5:*®ffi$5:^tC»6z:i:;&^T' 

50 [0 0 4 2] «5 0«^{Cj:tlii ii^mH^T. 



(7) 
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mo i/"?— ir>h*«i:-r6z:i:(cj:»;, SB*-r4<fc^ 

iz^-r^zt-^. msmsm.'itt. *vncss»^i^ 

[0 0 4 3] tfz, mi(D^iZ^tHi, iij&fniS'yT. 10 

[0 0 4 4] S8a>^fCj:tili AFMT*?i^ 

Lfct^O±^O^ti)B$;!)^Ra = 0. 1~1. On 

^*®<^®(g$A'Ra = 0. 2~2. 5nm, Rma 
x = 3~25nin, Rma x/R a = 3 ~3 5 i:^^, J: 

[004 5] $e,{C, «9C0«^tCJ:nt£. AFMT'SH 
3£Ufe^^tS(D^®|fi3;!)^Ra = 0. 1~1. On 

LT8SBS-r-5Zli:*^T-^-5. llrV^CSS»A#t^$:»IM 

$ (Ra = 0. 1~1. Onm) fCLTfe^. ^ 30 

[0 0 4 6] i«Wa<Z)«®!|B$(DiS!l«rS: 
f i*ieWcO«^7=Y ^ «;!/^ XS« L 

li, «t®^{c&5:ii:*^*L<, ;R<it:e?j{cii, Ra 
= 0. 1~1. 0 nm^CL^^-^■^^^iJ5:'iJS:V^3il*^t)A^ 40 
ra;^:. S*L/<fi. Ra = 0. 1~1. Onm, Rma 
x = 1~2 0 nm^C■rtt^^SV^3il*<fc*^o7^:, 
[0 0 4 7] *?eW©p!/^X3£«$:^ffi^aai--S 

miztt^ :x.-j^yftiim\^ (^•y^>^'1*S*Sl 

■7>ySj!i:LTli, f^^?5:t;(7)i;bT(i>;r-i'7-y'ffc*jg 
Ift (H2 S i F6 ) r^mm^-^tX^. >T-{VvWm 
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-Qihtwi^ mm (7-yaft, ?Bi!W:tr) , 

[0 0 4 8] ^fc^ >^>r^-ysw>«isyfemi, ^fc>r>r 
7'yfiKftS, ^-r:7<ySp\(DSmfSJ, >r>r 7 -yltODifi 

^-y-fb!K3(ia!!$:«*^Lfc=b(7)T', >!r-r7^yifi«s;i, 

:7>yaff«SiiiaSti, x>y^>i/lESStcBB«^L CftfW^j 

rati, WbixSiaSiiXScD^^ h^K:B8«^/)^&s, 
me><^>!r-f7^y|fKD«!a5S^ti. itC^fSfi^Rma 
xi:<fBBA^&»J, 'tr^'7«y«figai*t^5iSS, >^>f7>yS? 

tSEoT, *®fi$Rmax;b^:^$<«;^,. ±iB'^-f7^y 

»<z>^as^{i, '!mti>^mmihimA\zi.'^xms. 
wm.^t\.^ii\ fT-iwm^c^mKs^vt. 5o~6o 

0 s e c, fr-^VvWm'^&mt. 1 5'C~6 OTCT*)* 

[0 0 4 9] ifc, llgl 0(D5§^{ci:ti{f. KflB^if^x 

±*®5:0. 3~3. 0 Mm©«^S®aai^S:-^t/W 

5 R a -tffiBBA^fc »J , W&J:>^imm!:±^ < f S il. 
^-r 7 -vm9m^<niS=y7.W^ay^lf^-^ R a A^:^^ < 
iii^ «SU *®fi3Rmax^i«i:^i:•3E 
-fbL;&^^„ ) , ttS5:0. 3~3. 0 /ttmiif 4i:tCJ: 

[0 0 5 0] mmsmmmj^Qi. 3 Am*«<3D»^. 

#<?acS<Z)Tf*F*U<:^<, 3. OMmS:«;t;t»^, 

[0 0 5 1] iAc, aSSBSEi^LTli, mcM^)^hs 
(Ce02 ) , 7;b^-:h (A 12 03) , ZinA9}\yi/ 
U7!j (S i 02 ) , ^hjfi^h (Fe2 03 ) , itft^'n 
A (Cr2 03 ) , mtV)\^^-^h. (Zr02 ) , 
fb^^> (Ti02 ) ^fci^A^tfibnS. 

[0 0 5 2] $iDtc, igi lammt. itfiB-fb^W^® 

fflaXl±>r^7<ygHCj;S«®^(i, l&fB;!/^^SW 
[0 0 5 3] :*:f§W#<i{i, iBlllg*zS:-^!DWaRRI{Ccl: 

oTW»Lr;«tc>r-r7>yarc-^®«ia-r-£i:. j^mes 
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[0 0 5 4] ?B9^cVNL«l lay^ii, ±SEMmz^^ 
(DXibi), 

{0 0^^^ mifr-^yvWrnmsUi^Q. i 5-3. o lo 

ltrSa'!r-Y7>ySfO#^i5*^2~3 Oms / cmXthitZ. 

timtL\^\*\ >r-(yvm<rmmti^Q. 1 5*»%5fc« 

[0 0 5 6] ife, Sl~«l3(Z)«Wc^J:e)^S§jeA^ 20 

"^-^i^iJ^:^, 'J-'SCtjvs. jmt^^y^. 

M.0x\ ^m(Dmm&-^<Dmmi:v^miz^?>, 

[0 0 5 7] 3e,{c, ;*:«WcD«Bt:&i^{c«M1--5;i/^ 

(RO:M«0, CaO^if) <DiS^mM<D^tW3mo 

m) , -fOilififcfcfcli, Si02 : 5 8~7 5aJtrcK A 
12 03 : 5~2 3fii%, L 12 O : 3~1 OMM. 
%, Na2 0:4~13 M^^o^i^^J-i: LT-^trtm 

[0 0 5 8] mi 10>9Sm<DJ:':)fjt:ii>]-XAiZ 

J:^Xam(7ym^i:i*)miHZ-ti>iZit. CaO-^Mg 40 

iZ^ ttJiSJS'^T.Mi^COiim.i:. Si02 : 6 2~7 5S 
M.%. A 12 03 : 5~1 5S*%, L i2 O : 4~ 1 
OSJt% Na2 O : 4~1 2ajt%, Z r 02 : 5. 
5^1 5mm%f:^^tLX-^m-ti>ilt^lZ. Na 
2 O/Z r02 c^aJtit^^O. 5~2. 0, A12 03 
yZrOZ (DMMitti^O. 4 — 2. 5 T'fc^> 7';i'5 / i/ 
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«fct;«n5i:i:t;tc, ^-(yvmizj:i>Mmmizi5 

[0 0 5 9] wm^^yvmiz^ii^m^^'p 

[0 0 6 0] mi'itmffmmmDnt. mi^-(yym 
izxi>Am«!M(Dmz. it^'immt^ztms-tL 
v^ mi eamm) . 3^t% it^itismtLxit, 

»*bv\ '^b^^'ft:^cfflv^^>r;^*u^elltifei:LT^±, 
[0 0 6 1] is^y.mmms^it^imMLtzm.'^ 

j:Mt^'iyvmizj:i,mm9mxmt(Dm i-^-fy^v 
mizj:i>^m«m0ttj) iz±^<Dmmi&iz^i,msmt 

[0 0 6 2] mi7<D^miZj:tH:L ±M(D^y'^X 

rcij'yxmL(D^m±iz, 'ptji < t ^m^-r 
?>ztx. ^^^mssm/im.. m^^cssm^<mti:m 

[0 0 6 3] mi 8(mmiz^M iff-^^jsmm 

(AFM) iZ^*)m^Lr:Lma<D^^i^-rRa. Rm 
ax, Wa<DM^-^^i:^-tRmaxyRatm&aym 
miZfjii, J:t>iZiS'^ XlSKOTi^MCD^WfiSli^f ■£> 

9:^l£fi*^'btl^o J[^T<D (a) , (b) 

^Sfi*ffi(7)/<yU>^^$ (B. H. ) ilRma xi:(Z)it 
(B. H. /Rmax) , Ra, Rmax, Rm 

ax/Ra, B. H. /Rm a xTb^j^f^CD^SHlC^S J: 
^ {c:)!f^ x|£«(D±^®CD*®|S3 til & -r ^ 3 i: (C J: 

t^m^T"^ x^miz^^^^mMSMm^mii^xm 
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(a) «A/\.y K(^«K$(C, mL^y \^<D^±<m.%: 

^mtimsm ( a fm) -z^iw^ l^c^^o'^t u > ^ 

$ (B. H. ) tRmaxt(DA (B. H. /Rma 
X) a)«0«H7?1^L, 58«ia»««*«;f/^^3S«cO 

^^5:iSiHBI:^««BH (AFM) {c<fcoTijB^L^»^ 
tCflie)tL*B. H. /Rma x(7>«*^±iBi?^(^>«acD 

*et:^ (fiU /<T'J>d/TI$ (B. H. ) {±, It 

-?fai:*Siaai (AFM) Til«^Lfe»^cDRa, Rma 
X. Rmax/Ra. ^TUy^^ (B. H. ) i;R 
maxt.<Dit (B. H. /Rmax) c^(JD<eHT-4^ 

(AFM) -eiW^L;5:»^{C^e>n-SRa, Rmax, 
Rmax/Ra, B. H. /Rma x(7>fiK)^±SB#^(?5 

3SK«)«6i:^ «au (B. H. ) 

^m^2^z:^^^xmmLr^pmt-r^, ) 

[0 0 64] 

[0 0 6 5] itf^T^mWiHt. Si02 : 6 3. 5*4 
%, A12 03 : 1 4. 2*4%, Na2 O : 1 0. 4 
MM%, L i2 O : 5. 4*4%, Z r 02 : 6, OM 
4%K Sb2 03 : 0. 4*4%, As2 03 : 0, 1 

geSmm*, cf'tvaja)7\g2 Omm.^>, ^$0. 6 3 
5mm(^T'YXi'4^{CjnXL;t%;roT**5, -^(7)3^ 

s«®«ia-r43tT\ ffi±^(D*a«$tiRa = 

1. 3nm, Rmax = 14. 1 nm, Rmax/Ra 
= 10. 8, B. H. (2.5) =6. 0 2nm, B. H. 
(5.0) =4. 3 3nm, B. H. (2.5) /Rmax = 
0. 4 3, B. H. (5.0) /Rmax=G. 3 1 T'$)o 

[0 0 6 6] v-KW2t±, fl(S4 0 nmT'*>.5N i A 
1 (N i : 5 0 a t %, A 1 : 5 0 a t %) KT'fe-S. 
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Z.<Diy-\?m2.\-i^ ISfittgAVjN$<. S.oi^-tttC« 
*ITVN5(^T, -5-(^)±tC?i^$*lST^3, jffl4«4 

2/-K«i:LTti, ±jzEL^N i AlC^fC, NiAl 
tCfifiCOTaU&^LfeN i A 1 Ru, NiAlNd, N 
iAlW, NiAlTa, NiAlHf, NiAlM 
o, NiAlCr, NiAlZr, N i A 1 N b ;Ji:tfA^ 

[0 0 6 7] T«S«3{i, Bt;?2 5nm(Z)CrMo (C 
r : 9 4 a t %, Mo : 6 a t %) RT'**. JltDT* 
«3li, *(©±lCJ^$tVS«a4Ji4(^att^4BIiil<D 
M«:?5:*^</jN3<-rS3i:*W*U<, ««y7lfiLhcD 
f9!9IS:*fe-r. TiftliilLTli, ±i* LfeC rMo<3:>flfi 
Cr, C r V^*«ifc(f »*L<{i, i/-K 

*2(Z)*S^^aMi:W^>'^-r5J:-)(CLfe:)?X)^ 

/CrMo, Cr/CrV, C r V/C r VI9k^#»T 

[0 0 6 8] «1f«4{±, BI^2 7nmCDCoPtCr 
Ta (Co:75at%, Cr:17at%, Pt:5 
at%, Ta:3at%) KT'&S. *5SW<7)« 

4i7=>r X \zi^\-i^^mmoyw^\z\m\z<i9m^ ti^ 

CoPt, CoCr, CoNiCr, CoCrTa, C 
oPtCr, CoNi Pt->f5CoNiCrPt, CoN 
iCrTa, C o C r T a P t N b 

[0 0 6 9] tf-, i»f4«{±, mcSk^msm. 

ti. Cr, CrMo, C r V^fcif) -e^J^LTy-f X<3D 
<B«cS:0ofc#M«eR (mis. CoCrPtTa/C 
rMo/CoCrPtTa;5;if) i:LT=fe.Sv>. 
«l4»i:LTt±, ±j*LfeCo5^<Z)ffi. 7ai^>rS9ft, 
l!^#±3K^^, Si02, BN<fci^AMi«:4#jg?ffiK 
tftCFe, Co, FeCo, C o N i P t %3D«H4!K[^ 

[0 0 7 0] ^!iM5^i, Vm-l Q rim(r>iim\Jj-if^ 
> (H : 3 0 a t %) BtT?S>5. fiMfi, «rt4«<3D» 

i02 jfci^*^tfe>n*. 

[0 0 7 1] i|?S»6{i, minm<nj-^-y)h^uiti 

)\y:irnii's\}3L-^)\,<rmz, y }\yytut3—^^y?k(Dm^ 
50 ifEtM^, y)\^-!i'^yM(DT)\,ti^)^MiiSJr^i^r£^Win 
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to 0 7 2] iJ^fC. ±5*CD|Q6fl'!cD«»7^-<X^C0«fi 

(1) m-r^jxM 

9!fiE5T*BS 6 6 mm , 3 mm(^P3ttWtC<J3»Jfli 
[0 0 7 3] zio)*^, ^f>t^> \^n-mmib^)\z. y 

[0 0 74] 75;^ T)\^5.Jiy^}>T-hiS^7.t.LX 
ti, S i 02 : 6 3. 5*4%, A12 03 : 1 4. 2 
*J|% Na2 O : 1 0. 4S»%. L 12 O : 5, 4 
**% Zr02 : 6. 0M:% Sb2 O 3: 0. 4 
As2 03 : 0. 1 *Jt%0-ffc!^^bM5t/^X 

[0 0 7 5] ^^tC, ±3B6gS<fc'Jt)^S^S©iW*^V^^f-f-\' 

L;^:„ 3(Di:^cD#»ii 0 0 k«SK^l>fc, z.ntc 
i'J, :«f^X|£^^ffiO^®!fa3 5:Rmax-Cl 0 

[0 0 7 6] R1S«^(D^K5^:fflV^T?!^^xa6«® 

g 6 5 mm * i: Lfeft, 9\-msmmf\Hfm\zm^am 

flSf'JiUX&JgLfe. :i<©i:f|(D;!/^>^a£«cDa8ffi («iS 
atJfffilSiyaP) (Z)*ffil|fi$ttRmaxT4 AmMTfc 

[0 0 7 7] (2) jBsaBEflaxnjg 

fiP) <^®fi3 5:Rma xTl >am, RaTfO. S/tm 

<^y9mm>. mfxMmmz^-ti>itf^7.mi^mi}-^ 
^ammizj: i>s^7smis^mznm-r?> ztizi:i> 

[0 0 7 8] (3) mti-f (,^y\^yirjm 
mz, is^7.m^izi8mimjmkLr^, r(^«^{-tx 

5:»4 0 0, :t I 0 0 0 tm^tr ZWm-Dt^. I¥L< 

tl, iii:«?)jc*ia#4 0 o©T;i/5-:>-ffiK5:fflv\ 
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LS-l OOkg8«lc35?^LT, ^^rt^m^Ti: 

J6fic^W^ffi?:fflftS0 — l Mm, *®ia$ (Rma 
x) 6 MmSSlC^'ytf>ybfe. 

[0 0 7 9] jjcfc 7;is.±mL<mmi:»ioooiz 

9A.X^v^y^^n^\ JiffiffiS (Rmax) ?: 2 m 

[0 0 8 0] mimmrM 

t LT«5t!K'J (ir 'J ':7-6»''C>y KL P 6 6 : ;^ tf- 

[0 0 8 1] fW»[:Sfffc-feU't?A 3 Mm) 

Gffillt®K) +:?K 
WS: 80 — 1 00g/cm2 
WmfSI: 3 0~50^ 
20 HftSJI: 3 5~4 S^m 
T^^ffilBSR : 4 0 r p m 
±^ffiaMSR : 3 5 r pm 
l^=^TIiWER : 1 4 r p m 
^1-=^T[iP(SR : 2 9 r p m 

[0 0 8 2] ±IBW»XS5:)l*>tfc;!/^>5.ISS?:, cf^tt 
i5l^ >feK, lateK ipa (■Yy^ntr;i/7;i/a- 
>'i^) , IPA G!IJ!«a») ©#i5^Wcj«j>tSatLT, 

m^Lt^. tj^ie. ^wm\z\m^m.^mi\^t^. * 
fc, z(Dm»jMvi^ ^k<r>m2mmjmzioV)i>mm9. 
30 A^(D*^, «w-rs3i:A^ig-e&s. igi 

[00 83] (5) !g2??f«fn:s (:7r>r:>-;wF») 

J!>CIC, iBlW«XST'*e«LfeW«^«S:Mv\ d^U 
•^S:«Jt3KU 2/r*^e)«WBfd<U i/-v (^^^df-^^N 7 5 i 
9) tC#;tT, »2W«XS5:|^Lfe. W«fe<2}^(±, 
: IfMti: U t'A (^CfgO. 8 m m) GtOmm) 
+*, 8 0~1 0 0 g/cm2 . Wftf^ : 9~ 

40 1 54^-, 3-5 mntLfzZtm^it. mim 

mjMnm^tbf:^. z(Dm2mmjMizj:^xm^ti 

fe:«/5xl6«G)i*MtcS3it-S^®B$5:AFM (M-7- 
ra;^Ji^W«) •C«3tt;5:il35, Ra = 0. 3nm, R 
max = 3. 8nmTS>o^, Z.:iT% mzmmiMX 

50 [0 0 84] (6) «ffi«LaXS (gfer^XS) 
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(mm-. 0. 3 5%, a*: 4 on. mmm: i s o 

3 e c) , ^-f 0. 2 8%.iB«:4 5 
TC, mnmS : 2 O O s e c) WCJB 

[0 0 8 5] ±l2*tB«tan:«5:il*Afz;«/^X|£«$:, 
*t*, *foK, I PA (-rvynt^;i/7';i/3- 
n^) . I PA G!«ice«*) (D#i^?Wftc)(iiW*«LT, 

»a^L^. ^fcfe, I PA (M^sjtm) (DJMX'ms^i> 

I PA/<-7m;W1^#«fe?^Wcii«#a4«:m&nLA-o 
[0 0 8 6] (7) ft^^bXS 
J5»CtC, ±S3WB!L ^fiSffia (^) , i^XS5: 

mkiJ')'y2* (6 0%) i:5gSh^HU':;A (4 0%) $: 
«^L;tfb^<fc*S:««U Z<7^tmmi}^^4 0 0 

rtcirai^u 3 0 ox:{c^$tifei^«^»(D:;!/^xs 
«S:*<l3NriaJS«bTf7ofe. ZCDmtcmiz. ii^x 

[0 0 8 7] z:CDJ:^{C, -fb^-fbetCMBWOa-r -2. 3 

li, *<J1 00-20 OtfmT'$>-D;t. ±IB{b^^b5:il^ 
^r=.iJ'y:kW&^. 2 0TC<D7Wf{cSatLTi&?^U »<j 
1 04HS»B*Ufc, 
[0 0 8 8] iS) m^j^ 
±Sd^^^m7Lt=.iJ'yy^WR^> »<J4 OTClCilBlfcLAcSSE 

[0 0 8 9] ±mi^iM^mxr:^ii'y7^<D^m 

<^®ie$S:AFMTiM^Lfe^Z.5, Ra = l. 3n 
m, Rmax = 14. 1, B. H. (2.5) =6. 02n 
m. B. H. (5.0) =4. SSnm-p. Rmax/Ra 
= 10. 8, B. H. (2.5)/Rmax = 0. 4 3, 
B. H. (5.0) /Rmax = 0, 3 nf*>o;fe. 

[0 0 9 0] tt=.. yr>(-f-)vmm»<DiS^xm&M 
[0 0 9 1] iSi^T'^T.^aywmxm 
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[0 0 9 2] zoy^y^^ym^j^y^t^jy^mii. 

aSWSn/cMlcD^^^A-, NiAl*-r>vK (N 
i:50at%, Al:50at%). CrMo^ 
<y h (C r : 9 4 a t %, M o : 6 a t %) &XJ^C o C 
r PtTa^->f>y h(Co:75at%, Cr:17 
10 at%, Pt:5at%, Ta:3at%) HmkWM 

3*i;^:IB2cD^-v>yt-, mfiZit3-:rsy-St-^-j htl^ 

[0 0 9 3] 3tf^x«gS:n-Kn>vir^&^ 
LT»l(©^i'>/'^-«{c»A-tei:. rcD;i/^^3£« 

m^(D-'i^mixm^^tis •t<^iz&,r<D^kfmz'^ 
Bt-f>«a*^<fc3n4. apt., «i(o^^>/'«-[^-^ti, 

:tf^:^^5:3 5 OX:-t?2:^>raft|»■^S«t^^^;$n 
20 IB2C05^-V>/1-p^T'li, 2/-KS2S:SII»P4 0 
nm(7)NiAlR T^&»3 fcStt;|t2 5 nmC^>C rM 
oR lBaS»4fcSMI?C2 7nmCOCoCrPtTa|S[ 
AW^tlS. ?Jl3(^^A'>A-|^T*ti, «||»5feS 
IRIPI 0 nmOT^jg-fb^^-d^^BIA^Xg^Jc^Sns. 
[0 0 9 4] ^^3, ±iac0fB2, «3^A'>/t-rt(0X 

P«gT*ti2mTo r r, f$3 (D'f-^y A- jfqXit 3 mT o 
rr-e&y, llg2a)^-v>A-<7)X/t^v^r^a^iy;i/ 
=f><D^f?S^5:if:^ilU ^3®^-\'>/^-(^X/N'>y^# 
30 ffl^li, T;i/rr>CD?RS1fc!fX{C8%CD7KJS*^-^$*X 

2(©^r>A-WT'tt2kW, «3<D^-^'>/X-t^T?tt 
3kWi:L:fe. 

[0 0 9 5] ikiz. msm(m^tx<Dxm^m^r:im 
±Si^y^^ym7.j'^y9Uyimm^^^i)& 

[0 0 9 6] z(m^tit=.^sss.'f'(y^!7o^mi3ism^ 

40 ^to:cSSW^i?#tt<DS£«ie«?:06©*2fC^-r» ^ 

'fiaK;5*«2 3 OOOe, S/Nit 

*^2 0dB^:v^e)^»'we«^lb^l;^= m. m&ti(D 
i yjfcwajm&ffiffis i o k o e -^iw^ 

[0 0 9 7] tfc, iB«^4^ (S/NJt) ®jRl!£ti 
fk<D^'^iZLXtf-ot-. HP-^, #e)nAcfi$^7^-<^i7$: 
fflv>T, JK^^N'V K?¥±*ib^O. 0 5 5 MmC0MR 
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i7(DmtiS3t^^. Sm/sTlWBHWJSl 6 3 k f c 
1 ( 1 6 3, 0 0 0 tr-y h®llffi»f*f 

3. 1/2. 4 <tm, aS^^-y h*=^-V 0. 3 5/ 
0. 2 8fimlJ3bi>o 

[0 0 9 8] tf-. «a«a#a»TT\ ie^T^Y;^.^^ lo 

G)[iWe6feS4 0 0 0 r pro, ?¥M3 gC0 3 0%^y Y^^ 
^^^-SrMvx^l 0:mil<DCSSBAI^«^CJ3^r^T 

[0 0 9 9] ife, fl$^T^-<xiri:SS»'\>v Kco»ifc* 

*ofe. ^tCAE-fe>-9— S:Mv^fed^^-f h^^$5^:^h 
^:^f<fco^i::l5, 'x^vKiyiJii. ott^y^tX'it 

t.z.<z)7^i'>5.^co^^>r Kwsiii. o/t-r>^T?3bo 

$TlE»S^$tu «VN«fi^taiim. iS^^CSSW^ 

[0 10 0] (itjimi 1 ) mz, ws^^xj^^y-v 

i:^0»ihl«Kfi%», i^^>fHl«5 (A-f>^), CS 
se;Xim4$:a6(0^2tcit««l ilLT^^Lfc. 30 

[0 10 1] it«l[09icc«te){c, «^7^-f 

, y^-f Fi«$A^2MW>f'JiU:i:<i:>;«e>o^=b 

[0 1 0 2] (J^oT, 1. 2 A-O^arilVNofcy^ 

mm (AFM) ;cj:U*affi3S:i¥flSb«:l-J'bli?&^'5: 

[0 10 3] (|^M2~l 7, it«fW2~9) }!>CtC, 
if»^ {mmm<nW^ > '!r^7-yillCcfc5>^B«L 50 



4^2 000-132829 
22 

rtl'i«:flJ6e!l2~l 7, it«t«2~9 i:LT, -tn-? 

X (nm) . Ra (nm) , Rmax/Ra, B. H. 
(2.5) /Rmax, B. H. (5.0) /Rmax. »JhJ> 

y^-TKSfs in^y^) , cssly;^^^^^: 

H 6 CO* 2 IC * i: «t)TS^ U fe. 
[0 104] ;i^3, ieS6fi'!I2~l 7, it«?«2~9tCi3 

2 0 0OeRJ:. 1 8dB;iU:i:v>^m»<iHl«:S^LT 
v^/c, it«[M4T-li, ?!f5;i««<^^ffi(^®B3R 

max*^5. 0 nni5fc«i;^: ofeZ.il tC J: 
tc;&ofefe«)lcffl^^<y KA^JK^.T'-r 7.^\zWHLXh 
*ofeo it««»I2-^li, ;i/^;^,««0^®(7)«®!H3 
Rmax;«)^2 5. 0 nmS:eAfe:ii:fCJ: d^^-f F 
2/i^^n>S:jSSAfc. 

[0 10 5] immQX\t. p!f^:^S«cD±*®cD*® 
«3Ra*^0. 2nmi«?«i:3a:-Dfez:i:(Cj:U, WK^ 
»D!)^3J5U:{c;iofefc*lC'\>y K^^>y i/rife^Ll^fe, 
it«i0!l3T'li, ;i/5XSfie©^H©*ffi!lB5RaA^ 
2. 5nm$:«AfeZli:{Cj:»J, Ki9f3/)n . 2 

A-r>^5:«^fe. J*ia[#>!5Tlis Rmax/Ra;!)^8 
^^ftiiJ&ofeZiilcJ:*;, JWRfim*^3RJ:tc<i:ofefe 
felCs^y Ki'^yi/iSr^i:^. *fe, B. H. (2.5) 
/RmaxJSit/B. H. (5.0) /Rm a x^^^ix-ftl 
0. 5fc<fct/o. 4 5 J:tJ:*:^«;«Si:*coTv>s. 

[0 10 6] i!cfmidLX}im/m&X\i. Rmax/R 
a*'2 0S:®>LfeZi:tCj:*J, C S SB^<fc&MS< J&V 
'N-v h*^^^«y'>3.«r^Cfe. *fe, B. H. (2.5) /R 
maxfe<}:0:B. H. (5.0) /Rmax*^0. 1J:U/Jn 

Soffit <fcoTv>-£,, jt«s«8-eti, asiBiereotes?: 

0. 3 Am5K«hLfeZ.i:lCJ:y, «®B$*VhS<;5; 
o fefe*{CC S SBAtt*«< fe, ii3*!if0«l 9 T-li. 
meSS&OMWf-^. OAtmSrfiAfeZtJCj:*;. 

^S:«Afe. 

[0 10 7] RJKOie**^^, 1. 2 (i>(zy^Wr<Dn 
Htc-rszii, *fe, IBtT-SBRlcii/r^r^-yMlcj:* 

[0 10 8] >T-(yvmm.(DW6mt 

(^mi. 8~2 K it««»|l 0~1 2) 

■7r>(i-)\mm.<r>fT-<yvm\z^^^mvmzt5 

\ZLXim.'r^7^y^VmL. Z.ix^^^mi. M 
M2 4~2 7, Jtl«»!l 8~2 0i:bT, ^ftl-fncD^ 
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m) , Ra (nm) , Rmax/Ra, #ifcJlMfflWR. 

7^^X^$::^ai:Lfe. ttz. |IS6#?18~2K i«K 
«l o~i 2lcfet-J4«^7^-r::^^(7>»sayj, S/Nit 
^m&Lr-i}\ 2 2 00OejiUi, 1 8 d BJ^Lh^:^^e) 
£l»^Hfi^:S^bTv^fi. 10 

[0 10 9] amm I ir'\i^ ^-^yyms&ujn. o 
it]imi2i^\t. ffiimoy^^yywmm^o, is 

3M%7|c«i: Lfc;b^, ill2^MI<Z)«S$:]«<-r*«WCJ; 

[0 110] pxj:cDi^*^e>, ^>(yvwmmi:m&<D 

nm (0. 15-3. 0S»%) (Cf -SZ-illCj:*;. 1ft 
«St7^-f XirS:«iH&T'#, 1. Zn>(y^&rf<D^^^ 

[0 111] yr-(i-)mm^<Diis^7.mm<Dmmm^ 
msmi, m&m2 2^27. i±mmi 3-15) ^ 30 

xmL7'^:^^i:miu zn^iimmi. mm2 

2~2 7, it«if«^l 3~1 5i:LT, ^tl^tUD^k^iZ 
oV^T, :;!/^:^l6Ki*®(0*®B3Rmax (n 
m) , Ra (nm) , Rmax/Ra, #ifcJWRfiHR» 
i^^-f (fi^y^) . CSSW^4^S:H8(D« 

4lC*i:ii?)TS^Lfe. J&fc, ^mi. l5S6ffl22~2 

7, Jt«!^i 3~i 5izi5»i>ms.T^'{ y^^oymsd]. 

S/Nit«:?JH^Lfe*^. 200 0Oe;iU:, 1 8 d BJ« 40 

[0 112] ifcgEM 1 3 T-ti. 7r>r:>-;i/9f««(^;J/^ 
:^l£fit±*McD^ffi)|H$A^Rmax-ei. 0 nm^m. 
RaT'O. 1 nni^«i:^:o fez i:(C J: »J, -^^r 7 -yS! 

<*««jR*^3 Jtlfl^fl 

SA^RaT'l. 0 nm?:a;^.fe^«)lC, ^r-f :7>yat«!S 
|fe(DRa*^2. 5 nniRJiK:>5:-oAcCDT-CSS»>\<4*^ 

Rma x^lU^R a*^:^$v^feif?), ^^>rKA>fh*n. 50 
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2 M-r>^Ri:i:?fcof^. 

[0 113] ^JU:ro#g*A^e), 7T-f-^;i/Wa«fe(0;if^ 
1. 2/x-r>^i':;T(0i^^-< K«3 5:^ 

L, wv^«fiaaa^M^, «^^css»^ilm$:»J&1-■5 
[0 114] n^xwsioymi. 

{^mz 8, it«f0t| 16-17) iJ=^7.mL%: 

7;vs.ji/U^-hii'yy^ (ieSfeM2 8) , :6^ii^y. 

iammi 6) , y-^^^A;*f^x (itiswi 7) 
r:^isbizmm^. ^^yymizjm^mm^n^k^i^^m-s. 

iimiLfz. ±jS(;D|Q6M2 8(C'SMLfcT;i/^ 
y.>ij^_|.;^5;^cr)|g^{^ Si02 : 64. OMM 

%, A 12 03 : 1 6. OSM.%. N a2 O : 9. OM 
*%, Li20:7. 0S4% Z r 02 : 4. OM 
%. J:3*<Z)ifc«!^«l 7(C^Lfey-y^-f A:tf^x<Z) 
ilfi^i. S i 02 : 7 2. 5MJi:%. N a2 O : 15. 
OmM%. A12 03 : 1. 0a*%, CaO: 9. 0 
mM%. MgO: 2. 5mM%(DiS^y^i:mSLr^o 

[0 115] ^(mm. mmz sr-ti, ^w&^if^R 

a = l. 2nin, Rmax=ll. Onmt^^).lf^ 

msoin. 9T'Cssw^tt=fcs«:T-$)o^c*^, imm 
I etnomsm^ii. mssmsmi-2 8t\i±^ 

(DJi'^iz. ii'^x<;ymmizj:^r^(DX'^:^i!m'^m 
*^co^r^T, is^mt. sixmi 6, 1 itoMm 
A>e>^-rsi:, :ff^y.mmmi:mmm.iz^i>mm 

ijV>(yty (Na+, Li+) <D35aiSJSA^je^TVNS 
il#;te>ns*^ ■e<Z)3?SISJSfCj:oT;if9:^®*<y h 

x>y^>y$4^•^■tv^^K^aS*^fi^3^^S. ^(Dymm 
iz. wmm.iz^^xljat>i>st±iom^^\z^^xii;i:i^ 
^ (^5:^<D;A:S^r^ffl54>^ix«y^>^'^^SS*VJ^3 

fS::^(D/i^3v^«s^^±x>y^>^'^^*)b^:^t^^) 

4v x•y^>yaM®«v^^cJ:oTIHII^iAW^3i^^i: 

jg) (mmzmfiU ztnti^^y^oymm<D^^^zi?> 

pij y ^Jmitm^ttiX v ^>5:v ^fc«), **tl»;!)Wfi)t$ 
tl-r. IHt5;t)^$ti^*^ofei:VN^4. i±«!f0!l2T'7!/ 

^ it«^M2(Z);V5;^^c^*nTv^^,T;^*ui«^b 
ft (cao. MgO) tim£h(Dmmzm^mio'^x^^?> 
t^x. T)\yij')±3m^tm<m^\z'o\^xmi^n-:i 
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it. m^mtimm (afm) -ewKSTfrofe. ^(m 

TM^)±3mim (MgO, CaO) C7>#^* 
*^2mo l%JiU: (1. 6wt%JiUi) 

SlSSSiX^. T i0 2i:iStJiJ'y7.mSi (E~ 

G) <0»^li. T;1/:^U ±3^1:4* (MgO, CaO) 
C3>^^*C^ff7!)^ 3 m o 1 ( 2 . 4 ffl|%JiUi) 

iiA^snfe, &di(Dmm^^. ^^^oyfi&k^iz 

44KD^^*A^ 3 m o 1 (2.4 T?*> 

lar;!/;^ U ±3Wk^O-^^*CD-&IW 2 m o i %7m 
(1. 6wt%5|c|t) *^*LtV 
[0 116] X, ^>(y^ymmMiZj:i,i^^7,miO):r. 

K?:^S;t«?){cii, ;i/^x^tc-f *n-SS i O 2c^ 
(Ti02$:-g-t^7!/^;^(7)^&^(i, Si02+Ti 
0 2(^ff*) ;b^6 5mo 1 %J^<J:i:i-S3i:A^* L 

S i02 : 5 8~7 5^*%, A12 03 : 5~2 3fi 
*%> L i 2 O : 3 — 1 0*4%, N a2 O : 4 ~ 1 3 

<, Sibicidu S*L<ttT;b?!7U±Sl4fell (BEfb«>) 
* Jfc V X ^ X T' $) -6 Z. t * L V ^ 3 i: A^fc o 

*ffiffl!iyfeff^cJ3^^T^i. lt:^35i 3tc^$n«.«fce) 

il*^l 2~1 3(C^$ti5;i/^>l.^^<^1.<Z)^^ 

ZliltCioT, it*^l~3tC^i-4J:e)?ai^®(B$ 
(D^iZ-ri>ZtlZj:^X. y^-fKffi^AU. 2/x-f 
^^J^^TT', Wv\«^{aS4^, fl^v^CSS»^^5: 



^2 000-132829 
26 

lt#3Si~3(Z>«®fi3(cmti :*:«^i;|ai 
[0 117] ±i&Xit. mma^^=y^ hTSS, WR^^ 

mmm:ff^y^m^o>^mm^izi^<D^^izmmi)'^if>i> 
m-ti. ai 0, Hiiii, ®K<Diess:3w.fc«^(7) 

-eno. 2 8S*% 4 5T:i:-r-S= HI 0^C5^1-J;e> 
fC, RmaxH®Kc^«iglCJiJ:e,1', >r-Y-7>ySp\(D 
ftflt^i: Rm a X )LWSm^ »J, >!r-r 7 «vSft^OS« 
^^rWSf-rs Zi:fCJ:oTRmax S:iBrj»-r 5) Z i: A' 
T?^^Zi;S:3^LTV^S„ SI l{C^i-J:e){C. 

>T-{ y vmr^a^w9mwi,zi, o X mmmtmxM 1 

80 s e c) ®Krafiigi:Rai:^gBg;b^$>»;> 5e(G0tg 

SS:iB|-rS 3 i: (C J: o T R a 5:«!fWf S z: A^T-^ S 
^B^Rrna x>t)«:^^<;a:S«fB]*^S>S= I^S 

«s:sst-r*»^, >T^yvmm\i>r^yv^(m. 

yvmm&mci^-t^^^ii'^th^. «^z>T^yvm 
mmt. mw^iLmmth^). m^m^mm.. men 

ti>msswmmz':>\^xmrtz.i^. □ - k • r>n- 

mm&mmm^'fmx.tzm^^xrxz^-t. 
msss.. >TAyvmmBS&.. fT-{yvmr^(j:>mm 

ISJ) SratiaiBELT. Rmax = 4. 3nm, Ra = 
0, 4 6nm, Rmax/Ra = 9. 3 CO*®i|e$ S:;^ 

^xmitiz. ^mitmmzi/-\^m. rtm. m 
mi. mx. ^m^^Lxm!Mmmi:mr^o 

#»-fr L A^. *l8^liifc;^-f L t JilEIISe 
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[0 118] it, :^^<Dii^xmHtit^itmi^ 

it^itj:mr^mBmiz^i>mmim-*^-(y 
m^(Dmd izmmmuz^i>mmm-cmi:Ani> 

[0 119] 

m (AFM) TiW«Lfei:S{Cif^(Z>4*»{C^:SJ:-5tC 
-rsrhtCi'J, 1. 2 M-f ^•^JiATOy^-r 

TV^^,=fe(Z)T•*>S. iR-?fa!:^«a»S (AFM) \Z 

j:»J4^L/feRa, Rmax, Rmax/Ra-^>. -^T 
'J > y b A^(7Xfi 5:^-r ■5««®<D'^T U > 
Si:Rmax(©Jfe()^(D«Hlc;5:*J:e>tC, :!S/^7.I£ 
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i«v^cssw^♦^ftS:«JS1-s^a^!t7='r::^ 
[BS(7>fai#;:2:St«] 

^(nmmmm (AFM) fC<fc^«|^^5:^-r 

10 [ggs] HllC:^Lt*ffi[HI[a(^/<7tj>y;<j_^$.^ 

[H4 ] A FMtC J: Sil!!^7?£b9$cD«S*^Bt»(^)««HT' 
>f x;r(CoV>TB. H. /RmaxSrtWLfcM**:* 

[H 5 ] 1 \z%i>Tmi9'< 7. ^ aym&L^ 

[E36] |gj6«i~i 72it5Jt*fifMl~9(DlK^7^Y:^ 

«)fe«2S:^-raT'*S. 
20 [H7] IIJfeMl. 1 8~2 12iy:it<Re»!l 0~1 2(D 

^^■< X ©«saa?ssi?^f£ftaf c s sm^'&cDmm 

[H8] |gS6Ml. 2 2~2 7&0fifciflf«l 3~1 5<Z) 

X ^ cD«8aa^si#fia.tf c s swi^m>mm 

[09] ^5^aS«t«:«|fig-r5>#«cD5!/^X(Dj||g^5:* 

[H 1 0 ] ®e®teS$:|EA;^:«^cD7^-r 7 >y 
ait^i; Rm a X i:(7)BB^$:^-r 
30 [ail] ®ie<Dte#.S:^t«^(75>!r>r7>vgft^(7)g 
mmiL R a ilOBBfife?:^^-^^ 7T-S>5. 

2— >-Kji. 3--Tlft», 4-«Mt 
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